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A P P E N D I X  A
RecommendationsoftheKinshipandDataAnalysisPanel(KADAP)to
theOfficeoftheChiefMedicalExaminerofNewYorkCityDuringthe
WorldTradeCenterDNAIdentificationEffort

1stKADAP(October18–20,2001)
The following recommendation sought to inform 
officials beyond the OCME, New York City Police 
Department (NYPD), and New York State Police 
(NYSP) that deviations from protocols would be 
ongoing, that the local scientists were respected 
experts in their fields, and that the KADAP was 
involved in reviewing new protocol develop-
ments.

n	 The	Panel	recognizes	the	unprecedented	
	complexity	of	identifying	the	victims	from	the	
World	Trade	Center	attacks.	They	also	rec-
ognize	the	expertise	of	the	OCME,	the	New	
York	City	Police	Department	(NYPD),	and	the	
NYSP.	Given	the	evolving	nature	of	this	task,	
the	Panel	stresses	that	these	are	their	initial	
recommendations,	and	they	may	be	modified	
by	OCME,	NYPD,	or	NYSP,	as	they	deem	nec-
essary.	The	panel	remains	available	to	them	for	
consultation	upon	request.	

The use of multiple software programs presented 
numerous difficulties that had to be overcome 

in the face of the informatics needs of the WTC 
DNA identification effort and the absence of exist-
ing software programs to address the issues. The 
following recommendations were developed after 
the KADAP considered the features of all avail-
able software programs.	

n	 No	single	program	currently	exists	that	meets	
all	of	the	analytical	needs	for	resolution	of	the	
WTC	victims.	Therefore,	we	recommend	for	
the	short	term:

	 o	 	WTC	CODIS	[Combined	DNA	Index	Sys-
tem]	be	used:	

	 	 —	At	high	stringency	for	direct	matches.	
Likelihood	ratio	of	1	X	1010	is	sufficient	
to	report	identity.	A	13-locus	match	using	
the	core	CODIS	loci	is	sufficient	to	report	
identity.

	 	 —	At	low	stringency	to	screen	for	potential	
first-degree	relatives	(parent/offspring	
and	some	sibs)	in	order	to	manually	
search	case-specific	data	for	cases	with	
additional	potential	relatives.	

The Kinship and Data Analysis Panel (KADAP), assembled to assist the Office of the Chief  Medical Exam-

iner of the city of New York (OCME) during the World Trade Center (WTC) DNA identification effort, 

prepared the following recommendations to help the OCME laboratory create policies and procedures 

specific to the WTC mass fatality incident. These recommendations provided a roadmap when it was 

necessary to depart from the laboratory’s usual forensic casework protocols. The KADAP’s recommenda-

tions also offered guidance for securing additional resources and provided assurance that sufficient peer 

review and expertise were available to  support these new endeavors. 

These recommendations appear here in their  original form, without editing. The annotations in 

italics offer an after-the-fact context for particular recommendations to the OCME. The KADAP’s rec-

ommendations are included as appendix A to this report because of their historical significance, and 

because they may be helpful to laboratories that are developing a mass fatality incident DNA identifica-

tion response plan. The recommendations and opinions represent a consensus of the KADAP members 

(referred to in the recommendations as “the Panel”) who were present on the date indicated; not all 

members were present at every meeting.  
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	 o	 DNA•VIEW	be	used	to	assess	the	puta-
tive	relationship.	A	minimum	Probability	of	
	Relationship	of	99.9%	is	sufficient	to	report	
identity	by	kinship	analysis.	The	minimum	
prior	probability	is	1/5000,	which	can	be	
increased	to	reflect	case-specific	issues	
(e.g.,	members	of	service).

n	 Commercially	available	pedigree	programs	
should	be	incorporated	for	kinship	review.

n	 Middleware	should	immediately	be	developed	
to	facilitate	use	of	existing	programs.

n	 A	customized	program,	developed	in	a	modular	
manner	following	the	proposed	process	flow,	
is	needed.	This	package	should	be	designed	
to	analyze	complex	relationships	in	a	way	that	
integrates	validated	systems	when	possible.	
By	October	26,	2001,	the	mechanism	needed	
to	commit	resources	to	this	program	will	be	
identified	and	established	by	NIJ	[and	reported	
back]	to	Inspector	Mark	Dale.

Because mitochondrial DNA mtDNA testing had 
received significant public attention in several 
forensic cases, stakeholder expectations for its 
use in the WTC response were high, and the 
OCME laboratory received many inquiries from 
officials regarding its use on the WTC samples. 
The KADAP was concerned that this early focus 
on mtDNA would dilute the effort to yield suf-
ficient short tandem repeat (STR) loci in what 
were likely to be difficult samples. The Panel was 
concerned that this might hinder the identification 
process by adding less powerful methods of iden-
tification before all efforts to reveal unique identi-
ties had been exhausted.	

n	 Mitochondrial	DNA	typing	of	victim	samples	
should	be	used	only	as	a	last	resort	after	addi-
tional	test	reanalysis	and/or	the	use	of	addition-
al	forensically	validated	STR,	Y-chromosome,	
or	other	nuclear	markers	have	been	used.

n	 If	forensically	validated	systems,	including	
mitochondrial	data,	are	insufficient	to	resolve	
identity,	research	grade	systems	should	be	
explored	on	a	case-by-case	basis.

n	 Mitochondrial	DNA	typing	should	be	performed	
on	all	maternal	lineage	relative’s	appropriate	
samples	(e.g.,	buccal	swabs,	blood)	using	a	
suitable	validated	system	on	the	extracts	as	
provided	by	NYSP,	Myriad	Genetics,	or	any	
other	authorized	agency.

n	 Mitochondrial	DNA	typing	should	not	be	per-
formed	on	personal	effect	samples	until	other	
appropriate	approaches	have	been	considered.

These	consensus	recommendations	represent	
a	major	step	towards	evaluating	the	complex	
data	that	will	be	generated	from	the	World	Trade	
	Center	terrorist	attacks.

2ndKADAP(November20,2001)
With many competing agencies involved in the 
WTC effort, the KADAP offered recommenda-
tions about DNA-specific resource needs to 
 reinforce their urgency with officials in charge of 
prioritization.

n	 This	Panel	determines	that	it	is	critical	to	the	
success	of	the	WTC	identification	project	that	
the	OCME	and	NYSP	share	rapid	access	to	the	
same	data	sets	via	immediate	installation	of	a	
T1	line.

n	 The	Panel	recognizes	that	requests	for	priori-
tization	of	analyses	of	particular	samples	have	
	significant	implications	for	the	overall	process.	
Such	requests	will	impede	the	overall	progress	
of	identification,	increase	the	chances	of	analyti-
cal	or	interpretive	errors,	and	increase	costs.	
The	Panel	strongly	urges	those	who	make	such	
requests	to	take	all	of	these	factors	into	account	
and	minimize	requests	for	prioritization.	

The confirmation of identification by DNA was 
relied upon by the Chief Medical Examiner. The 
following recommendation aided in establishing 
baseline identity estimates.  

n	 The	Panel	has	recommended	that	likelihood	
ratios	equal	to	or	in	excess	of	1010	can	be	
adopted	as	sufficient	evidence	of	identity.	
However,	this	value	should	not	be	considered	
as	a	necessary	criterion	for	identification	in		
all	cases,	and	that	final	recommendation	of	
	identification	can	properly	be	based	on	lower	
values	depending	on	all	available	information,	
as	determined	by	the	Chief	Medical	Examiner.

3rdKADAP(February21–22,2002)
The following recommendations considered 
and addressed sample processing issues. The 
 complexity of the process is shown in the graph 
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that appears on the last page of this appendix, 
“WTC Disaster Manhattan (DM) Identification 
Process.”

Production:

n	 The	Panel	believes	that	collaboration	and	infor-
mation	sharing	between	the	different	groups	
and	agencies	involved	in	the	DNA	identification	
of	the	WTC	victims	is	a	critical	component	to	
maximum	identification	throughput.

n	 Numerous	production	choke	points	exist	as	
obstacles	in	meeting	the	goal	of	maximum	
identification	throughput.	Information	manage-
ment	and	software	integration	are	major	issues	
that	need	to	be	supported	to	avoid	obstacles.	
The	existing	software	programs	should	contin-
ue	to	be	supported	and	effective	software	inte-
gration	should	be	developed	with	appropriate	
priorities.	This	requires	additional	resources,	
including	but	not	limited	to	hardware,	soft-
ware,	expert	systems,	and	personnel.

n	 In	order	to	eliminate	the	most	immediate	
choke	points,	the	Panel	recommends	that:	

	 o	 OCME	and	NYSP	each	hire/contract	two	(2)	
additional	information	technology	FTEs	so	
that	present	staff	experienced	in	the	current	
process	can	be	solely	dedicated	to	the	WTC	
effort.	

	 o	 OCME	and	NYSP	each	hire/contract	five	(5)	
additional	forensic	analyst	FTEs	to	be	solely	
dedicated	to	the	WTC	effort.

Validation and Quality Control:

n	 Documented	validation	protocols	should	be	
developed	and	implemented	for	software	
	programs	and	interfaces.	

n	 Dedicated	personnel	and	equipment	should	be	
made	available	for	validation.

n	 Objective	unbiased	peer	review	is	a	useful	pro-
cess	to	implement	valid	systems.

n	 Appropriate	test	genetic	data	should	be	
	integrated	into	the	WTC	CODIS	for	efficient	
validation	of	all	software.

n	 The	current	procedures	to	confirm	matches	
(see	attached	flow	chart)	used	by	OCME	and	
NYSP	are	appropriate.

n	 The	probability	of	miscalling	alleles	that	would	
lead	to	false	inclusions	is	so	small	that	it	is	

not	necessary	to	review	electropherograms	
previously	reviewed	by	vendor	laboratories	for	
uncomplicated	STR	cases	that	meet	previous	
recommendations	for	likelihood	ratios.

Continued Testing:

n	 Successful	DNA	typing	of	all	samples	will	not	
be	possible	due	to	conditions	of	the	remains.	
The	Panel	recommends	that	testing	of	indi-
vidual	samples	should	be	finite.	Criteria	for	
determining	cessation	of	testing	should	be	
established.	Development	of	a	probative	test	
should	be	investigated.

4thKADAP(April24–25,2002)
As the scope of the WTC effort evolved, and  
the complexities of data management and the 
 number of partnerships increased, the KADAP 
recommended and implemented a mechanism  
to facilitate secure, rapid transfer of data and 
 provided additional development of statistical 
approaches to kinship analyses.

Recommendations:

n	 In	order	to	facilitate	data	flow,	the	Panel	rec-
ommends	that	a	mechanism	of	data	synchro-
nization	should	be	created.	NCBI	[National	
Center	for	Biotechnology	Information]	should	
host	the	secure	FTP	resource.	The	Forensic	
Biology	Unit	of	the	OCME	needs	Internet	
access	with	adequate	bandwidth	and	tools	for	
secure	access.

n	 Cases	involving	difficult	kin	interpretations,	
including	such	things	as	mutations,	should	be	
reviewed	by	members	of	the	AABB	Parentage	
Testing	Community	to	recommend	disposition	
to	OCME.

n	 Kinship	used	to	confirm	a	personal	effect	
match	should	be	accepted	at	a	Probability	of	
Relationship	of	99.9%	using	a	Prior	Probability	
of	0.5.

In addition to making recommendations, the 
KADAP offered several statements to support  
the work of the OCME and the NYSP.

Statements:

n	 KADAP	recognizes	the	desire	of	victims’	
	relatives,	public	officials,	and	the	concerned	
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public	for	complete	and	accurate	use	of	validat-
ed	forensic	methods	for	identification	of	those	
lost	in	the	WTC	attack.	

n	 KADAP	recognizes	that	elected	officials	and	
the	public	must	balance	the	above	goals	with	
desire	for	expeditious	reporting	of	results.	
These	are	competing	goals	which	must	be	
considered	carefully.	

n	 KADAP	recognizes	that	ongoing	scientific	and	
administrative	review	of	all	data	will	be	needed	
to	assure	the	accuracy	of	victim	identifica-
tions.	KADAP	has	concerns	that	imposed	time	
deadlines	are	not	in	the	best	interest	of	making	
accurate	or	complete	identifications.	

n	 KADAP	fully	supports	and	endorses	the	efforts	
to	date	of	the	NYC	OCME	and	NYSP	in	the	
processing	of	DNA	from	victims,	personal	
effects	and	family	members.	To	date,	over	900	
identifications	have	been	accomplished	using	
a	combination	of	traditional	methods	and	mod-
ern	DNA	technology.

n	 KADAP	also	recognizes	that	many	victims	may	
not	be	identified	despite	great	effort	by	all	con-
cerned.	Similarly,	incomplete	DNA	results	on	
highly	degraded	samples	are	likely	to	preclude	
positive	identification	of	many	of	the	19,000	
remains	from	victims	recovered	to	date.

n	 KADAP	is	fully	committed	to	ongoing	efforts	
to	assist	New	York	agencies	in	identification	
of	victims	and	remains.	KADAP	recognizes	
that	successful	DNA	typing	of	all	samples	will	
not	be	possible	due	to	the	condition	of	the	
remains.	

n	 KADAP	recommends	that	DNA	testing	of	
	individual	samples	cannot	continue	indefinitely	
(i.e.,	beyond	the	limits	of	sample	integrity	and	
available	technology).	

n	 Statistical	criteria	should	be	reviewed	and	
revised	as	appropriate	for	use	in	assignment	
of	identity	of	remains	yielding	incomplete	DNA	
profiles.

The following recommendation was made 
because results were obtained from fewer loci 
from later samples recovered from Ground Zero. 
At the same time, the estimate of the number 
of victims became more firm, allowing statistical 
approaches similar to that of a “closed “system 
to be considered.	

Identification Rules:

n	 Compromised	DM	samples	can	be	considered	
associated	with	samples	that	were	previously	
matched	through	DNA	if	the	LR	of	shared	loci	
[is]	>108.	This	is	equivalent	to	one	divided	by	
the	random	match	probability	of	the	shared	loci	
between	the	two	profiles.

5thKADAP(July15–16,2002)
As data from fewer loci were recovered from 
more  compromised samples, experimental 
 methods were  evaluated for application in the 
WTC effort. The following recommendations 
 considered parameters for using single nucleo-
tide polymorphism (SNP) methodology in this 
 environment.

Commentary	and	Recommendations	on	Use	of	
Linked	SNPs	for	Forensic	Kinship	Analysis	of	
WTC	Samples:

1)	Use	of	the	CODIS	STR	loci	is	a	well-	
established	method	for	estimation	of	random	
match	probability	and	for	kinship	studies.

2)	Unlike	the	13	CODIS	STR	loci,	which	are	
unlinked,	the	70	SNP	loci	studied	in	the	KADAP	
pilot	project	consist	of	multiple		haplogroups.	
Many	of	these	SNPs	are	closely	linked	with	
each	other	and	with	the	CODIS	STR	loci.

3)	While	linkage	of	genetic	markers,	per	se,	
may	have	no	untoward	effect	on	their	use	in	
match	probability	estimates,	linkage	between	
SNPs	will	alter	the	calculations	used	in	certain	
	kinship	estimates.	

4)	Use	of	inherited	SNPs	is	very	promising	as	
an adjunct	or	substitute	for	STR	profiling.	
A KADAP	subcommittee	on	SNPs	met	on	
12 July	2002	in	Washington,	D.C.	This	sub-
committee	recognized	the	potential	of	the	
	technique	pending	additional	studies.

5)	KADAP	recommends	that	the	OCME	of	NYC	
proceed	with	the	pilot	use	of	the	ORCHID/
Genescreen	(Dallas,	TX)	SNP	panels	on	WTC	
samples	in	appropriate	situations.	

6)	Sample	consumption	issues	must	be	appropri-
ately	addressed	before	SNP	analysis	proceeds.

7)	KADAP	also	recommends	the	KADAP	SNP	
subcommittee	pursue	further	statistical		
	analysis	of	existing	SNP	data.
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6thKADAP(September9–10,2002)
As time passed, a more precise list of victims 
was established. The KADAP reassessed the 
character of the WTC site a year after the attack 
and the statistical approaches that could be used.

KADAP	Recommendations	Regarding	Identifica-
tion	of	WTC	Victims	Based	on	DNA	Profiling:

1)	For	purposes	of	statistical	analysis	of	genetic	
data,	KADAP	recommends	that	the	OCME	
consider	the	WTC	as	a	closed	population	at	
this	time.	

2)	The	size	of	the	closed	population	is	considered	
to	be	the	number	of	persons	reported	missing	
(currently	2,802).	

3)	Therefore,	KADAP	recommends	that	prior	
probabilities	used	in	match	estimates	be	based	
on	either	the	number	of:	 	 	
	

	 (a)		RM	[reported	missing]	and	the	gender	
	ratio, OR

	 (b)		nongenetically	identified	RM	individuals	
(of appropriate	gender)	plus	the	number	
of genetically	identified	individuals	who	
	cannot	be	excluded	from	the	DNA	profile	
in 	question.

Operationally,	KADAP	recommends	that	the	
OCME	use	3(a)	above	until	such	time	as	3(b)	is	
	necessary	to	refine	statistical	estimates.

Based	on	the	assumption	of	a	closed	population	
of	WTC	victims	and	on	the	reduced	estimate	
of	the	number	of	missing	persons	(from	5,000	
to	2,802),	KADAP	recommends	reducing	the	
	threshold	for	direct	matching	of	remains	from	
a likelihood	of	1x1010	to	4x109.	

Based	on	the	gender	ratio	of	the	Reported	Miss-
ing	WTC	victims	(as	of	9/10/02),	the	appropriate	
thresholds	for	direct	matching	of	remains	of	
known	gender	are	2x108	for	females	and	2x109	
for	males.

MtDNA Recommendations:

n	 KADAP	recommends	use	of	an	mtDNA	
	database	that	reflects,	as	closely	as	possible,	
the	population	mix	of	the	WTC	victims.	The	
mtDNA	from	one	maternal	relative	or	posi-
tively	identified	personal	item	can	serve	as	the	

	reference	sample	for	the	RM.	Certain	relatives,	
including	spouses,	can	be	used	to	constitute	
the	mtDNA	database.	Thus,	when	multiple	
	relatives	of	a	victim	are	available,	mtDNA	
	profiles	from	different	maternal	lineages	can	
be included.	

n	 KADAP	recommends	that	the	upper	bound	of	
the	frequency	estimate	of	an	observed	mtDNA	
sequence	in	a	population	should,	at	this	time,	
be	reported	as:	

	 X/N	+	1.96	÷	(p(1-p)/N),

	 where	p	=	X/N,	and	where

	 	X	=	#	of	“matching”	mtDNA	sequences		
	 in	a	database	of	size	N.

	 If	X	=	0,	then	the	upper	bound	of	the		frequency	
estimate	=	1	–	alpha(1/N)	,		where alpha	=	0.05

Additional recommendations were made as the 
SNP technology was assessed.

SNPRecommendation
(December2002)
Based	on	the	UHT	[ultre-high	throughput]	SNP	
validation	data	provided	by	Orchid	Biosciences	in	
Dallas,	Texas,	the	KADAP	recommends	that	this	
technology	may	be	used	by	the	OCME	for	WTC	
specimens	as	a	potentially	useful,	but	research	
grade,	identification	technology.	The	KADAP	
	recommends	going	forward	with	limited	testing	
of	WTC	specimens	for	investigational	purposes,	
proceeding	in	a	staged	approach,	with	continu-
ous	evaluation	of	the	utility	and	validity	of	this	
	technology.

7thKADAP(January21–22,2003)
As the identification effort progressed, review of 
collection issues highlighted the need to adopt 
new methods of data collection for future mass 
fatality situations. The following recommenda-
tions were made after dialogues with those 
responsible for data collection from the Disaster 
Mortuary Operational Response Teams (DMORT).
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KADAP Recommendations to DMORT

The	KADAP	recognizes	the	importance	of	the	
	Victim	Identification	Program	(VIP)	as	a	vehicle	for	
collecting	the	critical	data	relied	upon	for	making	
precise	identifications	in	mass	fatality	incidents.	
The	VIP	can	be	made	more	useful	to	DNA	Labora-
tories	by	including	additional	genetic	information.	
Therefore,	KADAP	respectfully	offers	the	follow-
ing	recommendations:	

1)	Amend	the	VIP	form	to	include	more	compre-
hensive	fields	to	assist	in	DNA-based	iden-
tifications.	The	KADAP	would	be	pleased	to	
assist	the	DMORT	committee	in	revision	of	
existing	forms.

2)	DMORT	should	consider	adding	one	or	
more	DNA	identification	specialists	to	the	
Family	Assistance	Center	(FAC)	teams	to	
allow	for	timely	onsite	collection	of	kinship	
data	and		personal	effects	needed	for	DNA	
extraction/profiling.

8thKADAP(July7–8,2003)
Nearly 2 years after the attack, the KADAP 
assessed the capabilities of existing technologies 
for the remaining and most challenging samples. 
This recommendation was made to help families 
and other stakeholders understand the limita-
tions of existing technologies for identifying these 
remains.	

KADAP	recognizes	that	DNA	testing	will	not	be	
successful	for	many	samples	and	therefore	some	
of	the	WTC	victims	will	not	be	positively	identi-
fied	by	STR,	mtDNA	or	SNP	testing.	

KADAP	further	recognizes	that	OCME	has	
exhausted	appropriate	contemporary	methods	
of DNA	extraction	and	genotyping	on	recovered	
WTC	biological	samples.	While	it	cannot	be	ruled	
out	that	future	scientific	advances	may	reopen	
promise	for	additional	testing,	KADAP	recom-
mends	that	completion	of	ongoing	work	with	
	current	technologies	be	viewed	as	a	stopping	
point	in	the	identification	process.	
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World Trade Center Identification Process
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A P P E N D I X  B
SamplePersonalItemsSubmissionForm

After	a	mass	fatality	incident,	friends	and	family	
members	will	provide	authorities	with	personal	
items	that	may	contain	a	missing	person’s	DNA.	
The	DNA	profile	obtained	from	the	personal	
item(s)	will	be	searched	against	the	profiles	
obtained	from	the	remains	samples.	To	efficiently	
and	effectively	use	DNA	analysis	to	identify	
human	remains,	it	is	important	that		personal	
items	be	correctly	identified.	

The	purpose	of	this	sample	form	is	to	help	a	
	laboratory:

n	 Determine	who	is	missing.

n	 Provide	information	on	the	types	of	personal	
items	that	loved	ones	should	submit.

n	 Identify	the	submitter	and	the	items	being	
	submitted.

n	 Clarify	what	other	DNA	might	be	on	the	item;	
for	example,	if	personal	items	of	the	missing	
individual	are	submitted,	a	reference	sample	
from	a	spouse,	domestic	partner,	or	full-time	
roommate	may	be	useful,	even	if	no	biological	
relationship	exists.

n	 Begin	chain-of-custody	documentation	for	
the	items.

n	 Obtain	permission	from	the	submitter	to	test	
the	items.

n	 Provide	notification	that	the	articles	may	be	
damaged	or	destroyed	during	testing.
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Personal Items Submission Form 

Missing Individual Information 
Last Name Suffix  

(Jr., Sr.) 
First Name: Middle Name Sex (circle) 

M       F 

The missing person is/has been known by the 
following additional names (include maiden name) 

Date of Birth 

Year:  __ __ __ __   Month:  __ __   Day : __ __  

Social Security Number 

__ __ __ -__ __-__ __ __ __ 

Submitter Information 
Last Name Suffix 

(Jr., Sr.) 
First Name Middle Name 

Telephone numbers ( in order of preference) 

1st : (             )                                                           2nd: (             )                                                          3rd: (             ) 
Home Street Address City State 

Country ZIP Code E-mail address 

I am providing a reference sample from the missing individual.  

                               I am the missing individual’s____________________________________________. 
                                                                               (e.g., mother, father, sister, son, roommate) 

Please list the personal items below:

Item
Number Item Description Other Possible DNA Sources on Item. 

Please Explain. 

0 Example: Pink toothbrush with 
white handle My husband and I may have used the same toothbrush 

1

2

3

4

5

6
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Name of Missing Individual:_______________________________________________ 
(Last, First, Middle, Suffix) 

I, _______________________________________ hereby grant permission to
(Please print or type name of submitter) 

extract and type DNA from the items listed on page 1 for the purpose of assisting in the 
identification of a missing person. I understand that in the testing process the item may 
become damaged or destroyed and may not be returned. 

_________________________________  __________________________ 
(Signature of submitter)      (Date) 

The items were received on ____________________at _________________________
(Date)   (Collection location) 

______________________________________________________________________ 
(Collection address) 

Sample(s) received by ________________________________ __________________.
     (For testing agency use only) 

Please note: 
If there is a possibility that there may be someone else’s DNA on a personal 
item, it is helpful to submit a biological sample from the person(s) who might 
have also used the item (reference sample). Please refer to the Sample 
Family and/or Donor Reference Collection Form. 

 

Items submitted should be directly attributable to the missing individual.   
o Biological samples suitable for testing include: 

Bloodstain  cards  (e.g.,  newborn   screening      cards          [Guthrie     cards]     or 
cards obtained from other repositories). 
Oral swabs (e.g., from home DNA identification kits). 
Blood stored for elective surgery. 
Pathology samples (e.g., biopsy samples, PAP smears). 
Extracted teeth (baby/wisdom). 
Hair samples. 

o Personal items that might contain the missing individual’s DNA include: 

Used toothbrushes. 
Used shavers/razors. 
Unwashed undergarments and other suitable clothing items. 
Used personal hygiene items (e.g., feminine sanitary napkins). 
Other personally handled or used items (consult the testing  
laboratory for specific criteria). 
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A P P E N D I X  C
SampleFamilyand/orDonorReferenceCollectionForm

After	a	mass	fatality	incident,	a	missing	person’s	
friends	and	family	members	provide	identifica-
tion	information	to	officials	who	are	handling	the	
recovery	and	identification	efforts.	Complicated	
family	structures	—	for	example,	multiple	mar-
riages,	adoptions,	same-sex		partners	—	present	
challenges	in	collecting	family	relationship	infor-
mation.	Obtaining	an	accurate	family	structure	
helps	minimize	gaps	in	information.	

The	information	requested	in	this	sample	form	is	
quite	comprehensive,	including	a	description	of	
the	jewelry	worn	by	the	missing	individual,	dental	
history,	and	a	list	of	family	members	who	may	
be	able	to	provide	DNA	samples	for	the	kinship	
	identification	process.	This	information	typically	is	
stored	in	the	Victim	Identification	Program	(VIP),		
a	database	supplied	by	the	Federal	Emergency	
Management	Agency	(FEMA).	VIP	is	the	central	
repository	of	all	missing	individual	identification	
information,	which	can	be	accessed	by	patholo-
gists,	laboratory	personnel,	and	medical	examin-
ers	who	are	involved	in	the	identification	process.

Once	family	members	have	been	identified	and	
documented	in	the	VIP,	DNA	samples	need	to	be	
collected.	Collection	kits	—	used	to	collect	the	

family	and	donor	reference	samples	to	determine	
biological	relationships	—	should	be	available	
at	family	assistance	centers	and	can	be	sent	to	
	family	members	all	over	the	world.	

The	purpose	of	this	sample	form	is	to	assist	the	
laboratory	in:

n	 Determining	the	identity	of	the	missing	
individual.

n	 Identifying	the	donor	of	the	reference	sample.

n	 Clarifying	the	biological	relationship	between	
the	missing	individual	and	the	donor;	for	
	example,	if	personal	items	from	the	missing	
individual	are	being	submitted	for	analysis,	a	
reference	sample	from	a	spouse,	domestic	
partner,	or	full-time	roommate	is	useful	even		
if	no	biological	relationship	exists.

n	 Obtaining	chain-of-custody	information	for	the	
family	reference	sample.

n	 Obtaining	permission	to	test	the	sample.

n	 Providing	information	on	the	best	types	of	
	family	reference	samples	to	collect.
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Family and/or Donor Reference Collection Form 
(Each donor needs to fill in a separate form and submit a separate sample for each missing person.)

Missing Individual Information 
Last Name Suffix  

(Jr., Sr.) 
First Name Middle Name Sex (circle) 

M       F 

The missing person has been known by the following additional 
names (include maiden name)

Date of Birth 

Year __ __ __ __    Month __ __    Day  __ __ 

Social Security Number or 
citizenship (if not a U.S. 
citizen) 
__ __ __ -__ __-__ __ __ __ 

Donor Information 
Last Name Suffix 

(Jr., Sr.) 
First Name Middle Name 

Telephone numbers (in order of preference) 

1st :(             )                                                                 2nd :(             )                                                            3rd :(             )
Home Street Address 

City  State ZIP  Country 

Date of Birth 
 

Sex (circle) 

M       F

E-mail address (please print)

I am providing a family reference sample, as I am the missing individual’s _________________________ 
(e.g., mother, father, sister, son) 

Please circle your relationship to the missing individual :

Missing
Individual

 

  

Maternal
Grandmother

Maternal
Grandfather

Paternal
Grandmother

Paternal
Grandfather

Stepfather StepmotherBiological
Mother

Biological
Father

Half Sister

Spouse #1
Name: ________________

Spouse #2
Name: ________________

Half Brother Sister Brother Half Sister Half Brother

Daughter Son Daughter Son

Other: (please specify) ________________________________________________________________ (e.g., grandchild, friend, roommate)

Year __ __ __ __    Month __ __    Day  __ __ 
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Name of Missing Individual:_____________________________________________________ 
(Last, First, Middle, Suffix) 

I am also a relative of the following other missing individuals:________________________________

I, _______________________________________ hereby grant permission to extract and type 
(Please print or type name of donor) 

my DNA for the purpose of assisting in the identification of a missing person. 

_________________________________________  ________________________ 
(Signature of donor or guardian if donor is a minor)    (Date) 

The sample was collected on ___________________ at ______________________ 
            (Date)   (Collection location)

                 
________________________________________________________________________ 

(Collection address) 

Sample was collected by (if self-collected indicate “self”)____________________________

Please note: 
If personal items of the missing individual are being submitted for analysis, a biological 
reference sample from the spouse, domestic partner, or full-time roommate is useful even 
if no biological relationship exists. Please refer to the Personal Items Submission Form 
when submitting personal items. 

The biological parents and biological children are the best comparison samples for 
 identification through kinship. If these samples are unavailable, samples from 
 other biological relatives may be submitted. 

If a child provides a sample for parental identification, the child’s other biological parent 
should also provide a sample.  

For identification through kinship analysis: 
o Full siblings are preferable over half siblings.  
o Grandparents should provide a sample only if the mother or father cannot provide 

a sample. 
 

o Grandchildren should provide a sample only if their parent, who is related to the 
missing individual (as a son or daughter), is unavailable. 

The laboratory will assess the samples provided. The most appropriate sample(s) will be  
used to identify the missing individual. The family may be contacted if additional samples 
are needed.
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A P P E N D I X  D

SampleFamilyTreeForm

The	complexity	of	modern	family	structures	(e.g.,	
multiple	marriages,	adoptions,	same-sex	partners)	
can	challenge	the	collection	of	family	relationship	
information.	The	purpose	of	this	Sample	Family	
Tree	Form	is	to	help	a	laboratory:

n	 Determine	who	is	missing.

n	 Identify	the	individual	providing	the	
information.

n	 Provide	family	relationship	information.

This	type	of	form	should	be	completed	each	time	
someone	provides	information	about	a	missing	
individual	and/or	donates	a	sample.	Because	of	
the	complexity	of	determining	biological	relation-
ships,	it	generally	is	advisable	to	have	a	trained	
interviewer	—	such	as	a	geneticist	or	genetic	
counselor	—	complete	the	form.
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FAMILY RELATIONSHIP TREE 

Victim’s Name:_____________________________________________________________________________ 
(Last, First, Middle, Suffix) 

It is important for the DNA laboratory to correctly understand the victim’s family structure when 
using DNA to establish biological relationships and identify victims. In order to obtain an accurate 
family structure, please complete the contact information for the interviewee (the person providing 
the information on the family relationships) as well as your contact information as the interviewer.  
This form may be completed each time a new individual provides information about a potential 
victim and/or donates a sample using the family reference collection form. Using the directions 
below, please describe the family of the victim, including the interviewee, the victim, and all other 
close relatives.

Interviewee Contact information: 
Last Name: Suffix: First Name: Middle Name: 

Telephone numbers (in order of preference): 

1st: (       )                                        2nd: (       )                                            3rd: (       )

The interviewee is the missing individual’s_________________________________________________ 
                                                                                            (e.g., mother, sister, son, roommate)

Interviewer Information:
Name: Date:

Affiliation and address: 

Telephone numbers (in order of preference): 

1st: (       )                                        2nd: (       )                                            3rd: (       )

Directions:
 Use the box on the other side of the page to draw the family tree. 
 A picture of the family should be drawn by placing the interviewee in the center, 

providing he or she is biologically related to the missing individual. 
 Use circles for women and squares for men. 
 Put each person’s name in the circle or square. 
 In the circle or square, indicate whether the individual is living, deceased, or missing. 
 Draw a line between parents and place children below the line. 
 Include wives and husbands.  
 Provide a narrative if you think it will be helpful. 
 If the interviewee is not biologically related to the victim, indicate his or her relationship 

to the victim and draw the victim’s family structure as outlined above. 
 Add comments below the box to clarify relationships as needed.  
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Victim’s Name:___________________________________  
   (Last, First, Middle, Suffix) 

Family Tree: 

Comments:____________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________
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A P P E N D I X  E
GuidelinesforFamilyand/orDonorReferenceCollectionKit
ComponentsandOralSwabCollectionInstructions

To	obtain	a	properly	collected	and	labeled	sample,	
it	is	preferable	to	use	a	tamper-evident,	presealed	
oral	swab	collection	kit.	Some	laboratories	may	
prefer	to	have	the	swabs	air-dry	for	15	minutes	to	
an	hour	prior	to	placing	the	oral	swab	in	the	swab	
envelope.	Although	the	process	of	air-drying	the	
swabs	may	lead	to	a	more	pristine	sample,	the	
process	of	air-drying	is	risky	and	may	inadvertently	
lead	to	a	sample	mixup	if	more	than	one	person’s	
sample	is	collected	at	a	time.	The	laboratory	may	
also	want	to	incorporate	some	type	of	notifica-
tion	system	in	which	the	collection	location	calls	
or	faxes	the	DNA	laboratory	when	the		sample	
has	been	collected,	alerting	the	DNA		laboratory	
that	the	sample	is	on	the	way.	A		tamper-evident,	
	presealed	oral	swab	collection	kit	may	contain:

 Collection instructions	(See	sample	Oral	
Swab	Collection	Instructions	below)

 Collection form for family reference 
 sample	(See	Sample	Family	and/or	Donor	
Reference	Collection	Form,	appendix	C)

 Form describing the family relationship	
(See	Sample	Family	Tree	form,	appendix	D)

  Pair of gloves	(preferably	one-size-fits-all	
Nitrile	gloves)

 Sterile, cotton-tipped swabs (2–6)

	 If	the	collection	is	performed	correctly	on	a	
healthy	individual,	two	swabs	are	sufficient	
to	get	adequate	amounts	of	DNA	for	a	short	
tandem	repeat	(STR)	analysis.	If	extended	
testing	may	be	required,	it	is	preferable	to	
collect	six	swabs.

 Fastener (optional)

	 A	small	rubber	band	or	twist-tie	may	be	
included	to	bind	together	all	of	the	swabs	
from	one	individual	prior	to	placing	them	in	
the	swab	envelope.	Alternatively,	a	label	
may	be	included	to	secure	and	label	the	
swabs.

 Swab envelope	

	 Once	the	swabs	have	been	collected,	they	
should	be	placed	in	an	envelope	that	can	
be	uniquely	identified	with	the	donor’s	
	information.

 Tamper-evident, sealable bag, containing 
desiccant packet

	 If	mass	collections	are	to	be	performed,	
inadvertent	sample	switches	may	occur	
if	the	swabs	are	allowed	to	air-dry	in	the	
open;	therefore,	a	desiccant	can	be	used	to	
help	keep	the	moist	swab	from	molding.	If	
a	Ziploc	bag	is	used,	tamper-evident	police-	
evidence	seals	can	be	placed	on	the	bag.

 Mailing envelope

	 A	preprinted	mailing	envelope	with	an	
appropriate	prepaid	shipping	label	will	help	
ensure	that	the	swabs	are	delivered	to	the	
correct	location.	Make	sure	the	shipping	car-
rier	services	the	area	where	the	sample	will	
be	collected.	Different	air	bills	and	customs	
documents	may	be	needed	if	samples	will	
be	shipped	from	outside	the	United	States.

OralSwabCollectionInstructions
To	avoid	sample	mixups,	identification,	collection,	
and	sample	sealing	should	be	performed	for	one	
individual	at	a	time.	Also,	it	would	be	advisable	to:

n	 Have	a	trained	individual	interview	the	family	
member	and	complete	a	family	tree.

n	 Wear	gloves	while	collecting	the	sample,	and	
change	gloves	before	collecting	from	the	next	
individual.

n	 Collect	samples	from	one	individual	at	a	time.

n	 Verify	the	identity	of	the	individual	whose	
	sample	is	being	collected	and	confirm	that	the	
mouth	is	free	of	tobacco	products,	gum,	food,	
etc.,	before	collecting	the	oral	swab.	If	neces-
sary,	have	the	individual	rinse	his	or	her	mouth	
with	water	prior	to	collection.
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n	 Have	the	donor	fill	out	a	Family	and/or	Donor	
Reference	Collection	form.

n	 Open	the	swab	packages	provided,	being	care-
ful	to	not	handle	the	cotton	tip	of	the	swabs.

n	 	Remove	one	swab	and	collect	the	specimen	
by	rubbing	the	swab	vigorously	and	thoroughly	
on	the	inside	surfaces	of	the	cheeks	and	
gums.	Rub	the	swab	up	and	down	and	back	
and	forth	about	10	times,	while	slowly	turning	
the	swab,	so	that	all	sides	of	the	swab	are	in	
contact	with	the	side	of	the	cheek.	

n	 Place	the	swab	in	the	envelope	provided.	Do	
not	place	the	swab	back	into	the	original	pack-
aging.	Repeat	the	process	with	the	remaining	
swabs.

n	 Identify	the	swab	envelope	with	the	date,	
the	donor’s	name,	and	the	collector’s	name.	
Have	the	donor	sign	the	envelope	to	verify	the	
	information.	

n	 Complete	the	collection	information	on	a	
	Family	and/or	Donor	Reference	Collection	
form,	and	verify	that	the	donor	completed		
the	requested	information.

n	 Seal	the	swab	envelope.	Place	the	swab	enve-
lope	and	completed	Family	and/or	Donor	Ref-
erence	Collection	form	in	the	plastic	bag	with	
the	desiccant,	and	place	in	shipping	envelope.	
Maintain	the	sample	in	a	cool,	dry	environment	
until	shipment.	Do	not	store	under	extreme	hot	
or	cold	conditions.	
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A P P E N D I X  F
IssuestoConsiderWhenOutsourcingReferenceSamples

There	are	many	issues	a	laboratory	director	must	
consider	when	making	the	decision	to	send	mass	
fatality	samples	to	an	outside	vendor	for	short	
tandem	repeat	(STR)	analysis	testing.	This	list	of	
issues	is	not	meant	to	be	inclusive;	rather,	it	is	
offered	as	a	starting	point	to	aid	in	considering	
the	use	of	a	vendor	laboratory	to	test	personal	
items,	reference	samples,	or	remains	samples.	

Tasks and Requirements

n	 	What	standards	of	quality	assurance	are	
to	be	met.

n	 What	certification	will	be	provided	that	testing	
is	performed	in	accordance	with	quality	assur-
ance	standards.

n	 Specific	tasks	(for	example:	“The	Vendor	shall	
analyze	all	samples	for	the	13	CODIS	core	STR	
loci	plus	Amelogenin	—	FGA,	vWA,	D3S1358,	
CSF1PO,	TPOX,	THO1,	D18S51,	D21S11,	
D8S1179,	D7S820,	D13S317,	D5S818,	and	
D16S539	—	in	accordance	with	the	Federal	
Bureau	of	Investigation’s	NDIS	[National	Data	
Index	System]	Standards	for	Acceptance	of	
DNA	Data	and	the	Contracting	Agency/Vendor	
Testing	and	Reporting	Guide.”).	

n	 Accreditations/certifications	that	the	vendor	
laboratory	should	maintain,	and	penalties	if	
accreditation/certification	is	not	maintained.

n	 Timeframe	for	analysis	and	reporting	turn-
around	(for	example,	“x”	kinship	samples	per	
week,	etc.).

n	 External	proficiency	testing	program(s)	that	
the	vendor	must	complete	during	a	specific	
timeframe,	along	with	terms	for	submitting	a	
	certified	statement	of	compliance	and	docu-
mentation	of	any	failed	proficiency	tests	and	
the	remediation	that	was	done	to	resolve	the	
issue(s).

n	 Terms	regarding	the	individual	DNA	analyst’s	
compliance	with	a	semiannual	external	profi-
ciency	testing	program.

n	 Requirements	that	changes	in	the	vendor’s	key	
personnel	(specific	personnel)	be	approved.

n	 Protocols	and	procedures	for	making	analysis	
of	the	samples,	quality	control	documents,	and	
validation	documentation	available	for	review,	
inspection,	and	monitoring,	including	onsite	
reviews	of	the	vendor’s	facility	and	records.	

n	 Standard	operating	procedures	and	quality	
assurance	procedures	(including	any	changes	
made	during	the	process)	with	respect	to	the	
receipt	and	analysis	of	samples.	

n	 Terms	regarding	the	vendor’s	ability	to	sub-
contract	(or	prohibition	against	subcontracting)	
any	portion	of	the	testing	or	analysis	of	the	
samples	to	any	other	laboratory	without	prior	
	written	authorization.

n	 Format	for	processing	samples	(for	example,	
“Whole	blood	in	tubes	that	the	vendor	shall	
be	required	to	stain	onto	cotton	fabric,	903	
S&S	paper,	FTA	paper,”	etc.;	buccal	swabs	
on	a	swab	or	placed	on	903	S&S	paper	or	FTA	
paper;	extracted	DNA;	personal	items	(tooth-
brushes,	hair	brushes,	clothing);	victim	bone	
and	tissue,	etc.).

n	 Preprinted	shipping	labels	and	shipping	con-
tainers,	and	requirements	regarding	notifica-
tion	of	when	a	shipping	container	is	received,	
including	notification	upon	discovery	of	any	
damage	to	the	shipping	container	that	would	
compromise	the	integrity	of	a	sample.

n	 Chain-of-custody	documentation,	including,	for	
example,	a	unique	identifier	on	the	overnight	
shipping	label,	sample	receipt	(and	verification	
of	seal	integrity),	sample	transfers	during	pro-
cessing,	analysis	and	reporting,	and	return	of	
the	samples	and	resulting	data.	

n	 Storage	of	samples.

n	 Use	of	automated	transfers	(for	example,	use	
of	a	“plate	fingerprinting”	system	to	uniquely	
identify	a	96-well	plate,	including	the	strategic	
placement	of	known	controls	on	a	96-well	
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n	 	Confidentiality	of	samples	and	the	results	of	
testing,	including	handling	outside	inquiries.	

n	 Ownership	of	data,	materials,	and	
	documentation.

n	 Procedures	for	notification	regarding	problems	
in	testing.	

n	 Contamination	quality	assurance	checks.

n	 Retention	of	testing	and	quality	control	
records.

n	 Written	weekly	reports,	including	changes	to	
management	and	key	personnel;	assessment	
of	technical	risks	and	analytical	and	quality	
	control	processes;	description	of	analytical	
errors	detected	during	processing	and	correc-
tive	action	taken;	customer	service	logs;	and	
performance	metrics	by	sample	type	(refer-
ence,	disaster,	personal	items),	including,	for		
	example:

	 o	 Number	of	samples	received.

	 o	 Running	total	for	samples	received.

	 o	 Number	of	samples	reported.

	 o	 Number	of	failed	samples	(for	example,		 	
	 those	in	which	no	profile	or	an	incomplete				
	 profile	—	not	all	13	CODIS	core	loci	+			 	
	 Amelogenin	—	was	generated.

	 o	 Number	of	samples	received	more	than	
	 30	days	ago,	but	not	yet	tested,	analyzed,		 	
	 and	reported.

	 o	 Biweekly	briefings.

Deliverables and Delivery Schedule

n	 Testing,	analysis,	and	reporting	services,	
including	shipping;	DNA	profile;	quality	con-
trol	results	and	records;	testing	and	chain-of-	
custody	documentation;	data	generated	during	
the	receipt,	testing,	analysis,	and	reporting;	
and	unused	samples.

Suspension and Termination

n	 Terms	for	suspension	or	termination	for	
poor	performance,	including	quality	issues,	
customer	service	complaints,	and	inability	to	
meet	sample	throughput	commitments.

Equipment and Materials	

n	 Who	will	furnish	equipment	and	materials.

plate	in	a	manner	that	allows	any	plate	mixup	
to	be	detected).

n	 Use	of	NDIS-approved	STR	analysis	kits	speci-
fied	in	the	NDIS	Standards	for	Acceptance	of	
DNA	Data;	if	applicable,	use	of	NDIS-approved	
STR	analysis	platforms	and	expert	systems.	

n	 Analytical	procedures	(for	example,	using	
appropriate	controls	and	standards	on	each	
gel/run/batch;	each	sample	used	in	report-
ing	having	an	acceptable	extraction	positive,	
extraction	negative,	amplification	positive,	
amplification	negative,	and	ladder	associated	
with	each	locus,	and,	if	a	sample	is	rerun,	all	
controls	to	be	rerun).

n	 The	manner	in	which	data	are	to	be	reported	
(for	example,	genotypes	to	be	compiled	in	the	
common	message	format	for	insertion	into	the	
FBI’s	Combined	DNA	Index	System	(CODIS)	
and	transmitted	in	electronic	form	(floppy	disk,	
CD-ROM,	a	ZIP	disk,	secure	Web	site,	or	other	
method);	cost	of	CD-ROM	or	ZIP	disks	and	
shipping	to	be	included	in	the	proposed	cost	
per	sample	of	completed	analysis).

n	 Return	of	extraction,	amplification,	gel	data	
sheets	(including	spreadsheets,	original	gel	
scans,	and	the	final	gray-scale/color-corrected	
gel	images),	and	electropherogram	data;	return	
of	instrument	data	collection	files	and	files	
	generated	in	the	analysis	of	the	samples	in	a	
prescribed	form	(CD-ROM,	ZIP	disk,	posted	
to	a	secure	Web	site,	etc.);	return	of	samples,	
DNA	extracts,	amplified	product,	etc.

n	 Determination	of	when	the	analysis	of	a	speci-
men	is	considered	complete	(for	example,	not	
until	genotypes	for	all	13	CODIS	core	STR	loci	
(plus	Amelogenin)	have	been	generated	and	
accepted;	requirements	for	when	a	sample	
does	not	yield	a	complete	profile	(for	example,	
retest	the	sample	a	minimum	of	two	times,	
altering	conditions	within	the	boundaries	of	the	
laboratory’s	written	standard	operating	proce-
dures,	as	necessary,	to	produce	a	complete	
profile,	etc.).	

n	 Terms	for	analysis	failure	(requests	for	
	additional	samples,	etc.).	

n	 Sample	shipping	responsibilities	(method,	
chain-of-custody	safeguards,	timeliness,	
	tracking,	etc.).
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Security, Place of Performance, and Period of 
Performance

Here	is	a	sample	vendor	testing	and	reporting	
guide	that	may	contain	components	that	labora-
tory	directors	may	consider	when	contracting	
with	an	outside	vendor.	

(One form for each sample type: family  reference, 
disaster, personal item)

Sample	Type______________________________

1.	 Samples	will	be	provided	to	the	vendor	in	the	
following	manner:	

2.	 Samples	will	come	from	the	following	
	agencies/locations:

3.	 Samples	will	be	provided	to	the	vendor	at	the	
rate	of:

4.	 Samples	will	be	provided	with	the	following	
identification,	which	shall	be	reported	with	the	
profile:

5.	 Samples	will	be	rejected	by	the	vendor	for	
testing	for	the	following	reasons,	with	the	
	following	course	of	action:

6.	 No	more	than	___	percent	of	a	sample	shall	be	
consumed	by	the	vendor	without	permission.

7.	 DNA	shall	be	extracted	to	a	final	volume	of	
_________	at	a	concentration	of	_________.	

8.	 The	following	DNA	aliquots	shall	be	made	for	
additional	testing:

9.	 The	vendor	shall	use	only	the	following	testing	
and	analysis	systems:

	 Extraction	method:

	 Amplification	conditions	(including	kit	and		 	
amplification	volume):

	 Analysis	platform:

	 Conditions	for	retesting	if	a	complete	profile	is		
not	initially	obtained:

	10.	 Procedural	changes	affecting	sample	pro-
cessing	must	be	approved	___	days	prior	to	
the	processing	of	samples.	

	11.	 Manual	transfer	shall	be	allowed	only	during	
the	following	steps:

	12.	 Spiking	or	enriching	a	sample	is	acceptable	
___yes	___no.	

	 	 Comments:

	13.	 Vendor	controls:

	 	 a.	 Amplification	positive

	 	 	 Name:
	 	 	 When	introduced:
	 	 	 Considered	acceptable	when:
	 	 	 Location	on	analysis:
	 	 	 Location	in	data	files:
	 	 	 Acceptable	results:

	 	 b.	 Amplification	negative

	 	 	 Name:
	 	 	 When	introduced:
	 	 	 Considered	acceptable	when:
	 	 	 Location	on	analysis:
	 	 	 Location	in	data	files:
	 	 	 Acceptable	results:

	 	 c.	 Extraction	positive

	 	 	 Name:
	 	 	 When	introduced:
	 	 	 Considered	acceptable	when:
	 	 	 Location	on	analysis:
	 	 	 Location	in	data	files:
	 	 	 Acceptable	results:

	 d.	 Extraction	negative

	 	 Name:
	 	 When	introduced:
	 	 Considered	acceptable	when:
	 	 Location	on	analysis:
	 	 Location	in	data	files:
	 	 Acceptable	results:

	 Other:

	 	 Name:
	 	 When	introduced:
	 	 Considered	acceptable	when:
	 	 Location	on	analysis:
	 	 Location	in	data	files:
	 	 Acceptable	results:

A	data	file	is	defined	as	_______________________
________________.
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14.	Samples	with	the	following	microvariants	do		
not	need	to	be	retested:

15.	Samples	with	trialleles	shall	be	processed	in	
the	following	manner:

16.	Samples	with	triallelic	profiles	___shall	___do	
not	need	to	be	retested.	The	following	docu-
mentation	shall	be	reported:

17.	Samples	with	microvariants	(not	on	an	
approved	list)	___shall	___do	not	need	to	be	
retested.	The	following	documentation	shall	
be	reported:

18.	Profiles	exhibiting	multiple	contributors	shall	
be	handled	in	the	following	manner:

19.	Data	analysis:

	 a.	 General	peak	characteristics

	 	 The	following	reporting	criteria	apply	to:

	 	 ______	Samples

	 	 ______	Ladders

	 	 ______	Controls

	 	 ______	Internal	size	standard

	 	 Minimum	peak	height:
	 	 Maximum	peak	height:
	 	 Shape:

	 	 Spikes	___not	allowed	___allowed	under			
	 the	following	circumstances:

	 b.	 Internal	size	standard

	 	 The	following	peaks	are	required	to	be		 	
	 present	for	reported	samples:	

	 	 Size	of	245	peak	(on	310)	must	be		 	
	 ______________________.

	 c.	 Allelic	Peaks

	 	 Stutter:

	 	 –A:

	 	 Minimum	allowable	peak	height	ratio:

20.	Data	reporting

a.		Composite	profiles	(instances	where	the	
13	CODIS	core	loci	are	created	from	more	
than	the	minimum	multiplex	data	file[s]	
because	one	or	more	of	the	loci	do	not	
meet	reporting	criteria)	___shall	___	shall	
not	be	acceptable	unless:

b.		Nonreported	samples	___	may	___shall	not	
be	intermixed	in	reported	data	files.

c.		Data	from	all	sample	runs	___must	___
need	not	be	provided.

d.		Minimum	and	maximum	number	of	report-
able	samples	with	complete	profiles	in	a	
single	data	file	is:

e.		Minimum	and	maximum	number	of	
	samples	(complete	13-locus	profile)	in		
a	reported	batch:

f.		 The	following	documentation	shall	be	
	provided/associated	with	the	reported	
	profiles:

g.		Data	and	data	files	shall	be	reported	in	the	
following	format:

h.		Data	shall	be	reported	at	a	frequency	of:

21.	Samples	shall	be	returned	on	the	following	
date	and	in	the	following	condition:	

22.	Other:
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Identifying Victims Using DNA: A Guide for Families

This	is	a	PDF	file	of	a	publication	(English/Spanish)	that	can	be	downloaded	at		
http://www.ojp.usdoj.gov/nij/pubs-sum/209493.htm;	to	order	hard	copies,		
call	1–800–851–3420	or	order	online	at	www.ncjrs.gov.
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SampleAnalysis:AnOverview

While	a	step-by-step	discussion	of	the	processes	
involved	in	DNA	typing	is	likely	to	be	too	rudi-
mentary	for	most	laboratory	directors,	it	may	
offer	useful	information	for	family	assistance	
coordinators,	policymakers,	reporters,	and	others	
who	require	a	mid-level	technical	explanation	of	
the	issues	faced	by	a	forensic	laboratory	that	is	
responding	to	a	mass	fatality	incident.	

Before	a	mass	fatality	incident	occurs,	labora-	
tories	should	develop	a	plan	for	extraction	
	procedures,	alternate	analytical	methods	for	
	challenging	samples,	automation	for	handling	
high-volume	analyses,	and	expert	system	soft-
ware	to	interpret	results.	One	of	the	critical	steps	
in	this	process	is	the	creation	of	a	chain	of	cus-
tody	documentation	system	for	all	materials	col-
lected	at	the	scene.	This	is	important	not	only	for	
scene	reconstruction	and	quality	control,	but	also	
in	the	event	of	any	subsequent	legal	procedure;	
as	in	any	situation	with	potential	criminal	impli-
cations,	the	proper	collection	and	preservation	
of	samples	—	using	the	best	forensic	practices	
—	is	critically	important.	In	addition,	improper	
preservation	methods	can	lead	to	the	loss	of	typ-
able	DNA,	compromising	the	ability	to	make	an	
	identification.

Any	information	that	provides	reliable	identifica-
tion	is	valuable.	Although	this	report	focuses		
on	DNA	analysis,	other	traditional	identification	
methods	(anthropology,	dental	records,	tattoos,	
etc.)	should	be	used	whenever	possible,	and	
the	metadata	should	be	used	in	a	corroborative	
way.	Some	of	these	identification	assays	are	so	
uniquely	identifying	that	they	may	eliminate	the	
need	for	the	more	labor-intensive	DNA	analysis		
or	minimize	the	need	for	reanalysis.	Furthermore,	
upfront	anthropological	screening	will	be	ben-
eficial	for	identifying	the	best	samples	for	DNA	
analysis.

SampleReceiptAccessioning
andStorage
Once	samples	are	collected	and	preserved	at	
the	site,	they	are	sent	to	the	laboratory	for	analy-
sis.	The	magnitude	of	samples	delivered	to	the	
laboratory	after	a	mass	fatality	incident	can	be	
overwhelming.	Receiving,	accessioning,	and	stor-
ing	such	samples	can	disrupt	normal	laboratory	
practices	because	most	crime	laboratories	are	
not	prepared	to	accommodate	such	a	surge	in	
numbers	of	samples.	To	ensure	that	sample	iden-
tification	is	reliable,	the	laboratory	should	institute	
a	quality	control	process	to	accommodate	the	
surge	in	sample	receipts.	If	an	existing	Labora-
tory	Information	Management	System	(LIMS)	is	
not	sufficient,	one	should	be	created	to	handle	
the	mass	casualty	situation.	While	it	is	possible	
that	existing	chain-of-custody	procedures	will	be	
sufficient,	this	issue	should	be	evaluated	before	a	
mass	fatality	incident	occurs.	

In	the	event	of	a	mass	fatality	incident,	it	is		
likely	—	as	occurred	after	the	World	Trade	Cen-
ter	(WTC)	attacks	—	that	other	laboratories	will	
offer	assistance	to	the	lead	laboratory.	If	appro-
priate	chain-of-custody,	accessioning,	and	other	
infrastructural	concerns	can	be	addressed,	some	
of	the	capacity	problems	can	be	shared	or	out-
sourced.	If	samples	are	sent	to	other	laboratories	
at	any	stage	of	the	analysis,	the	same	quality		
control	and	chain-of-custody	practices	must	be	
maintained.	

DNAExtraction
The	first	step	in	the	analytical	process	is	extract-
ing	DNA	from	the	reference	and	disaster	sam-
ples.	Successful	DNA	typing	relies	on	isolating	
DNA	of	sufficient	quantity,	quality,	and	purity	
to	yield	an	adequate	DNA	profile.	DNA	extrac-
tion	protocols	that	overcome,	remove,	or	dilute	
	enzymatic	inhibitors	are	the	most	desirable.	
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The	quantity	and	quality	of	DNA	yielded	from	a	
mass	fatality	sample	can	be	compromised	by	
conditions	specific	to	the	event	and	can	range	
from	apparently	pristine	to	highly	degraded	to	
substantially	contaminated.	Disaster	samples	and	
personal	effects	samples	may	be	degraded	and	
contaminated	with	materials	that	inhibit	analytical	
processes,	particularly	for	enzymatic	reactions	
such	as	the	polymerase	chain	reaction	(PCR),	
an	in	vitro	process	that	increases	the	amount	of	
small,	specific	targeted	sequences.	

Care	should	be	taken	to	get	the	best	quality	
DNA	possible	in	order	to	maximize	the	number	
of	loci	that	will	be	amplified.	Consider	an	extrac-
tion		procedure	that	will	yield	DNA	suitable	for	
mitochondrial	testing	or	low	copy	number	(LCN)	
testing.	Also,	it	is	important	to	keep	in	mind	that	
it	may	not	be	apparent	which	test	systems	will	be	
useful	until	a	first	round	of	testing	is	completed.

The	process	for	DNA	extraction	is	laborious	and	
time	consuming.	This	can	be	exacerbated	in	a	
mass	fatality	identification	if	a	large	number	of	
bone	samples	—	often,	the	only	type	of	sample	
available	—	are	sent	to	the	laboratory.	Bones	can	
contain	substances	that	inhibit	the	PCR;	there-
fore,	inhibitory	substances	must	be	removed	
if	the	DNA	is	to	be	suitable	for	typing.	In	these	
cases,	a	laboratory	may	need	to	modify	its	routine	
extraction	procedures	to	remove	PCR	inhibitors.	

Standard	DNA	extraction	procedures	exist	for	
the types	of	materials	that	may	be	encountered.	
They	include:	(1)	organic	solvent,	(2)	column	
exchange,	and	(3)	cation	exchange	resins,	such	
as	Chelex–100.	The	quality	of	recovered	DNA	will	
be limited	by	the	quality	of	the	sample.	For	some	
samples,	sufficient	high-molecular-weight	DNA	
without	chemical	contaminants	may	be	obtained.	
For	others,	the	environmental	destruction	may	
have	been	so	great	that	no	usable	DNA	is	avail-
able	for	typing.	Thus,	extraction	methods	that	
minimize	the	loss	of	DNA	are	the	most	desired.	

ShortTandemRepeat(STR)Analysis
It	is	most	expedient	for	laboratories	already	
experienced	in	DNA	casework	to	use	well-known	
and	well-established	technologies	such	as	short	
tandem	repeat	(STR)	typing	as	their	initial	method	
of analysis—and,	in	fact,	many	disaster	samples	
may	be	typable	by	STR	analysis.	The	13	core	STR	

loci	currently	used	in	the	United	States	and		
many	other	countries	are	composed	of	tandemly	
repeated	DNA	sequences,	each	of	which	is	typi-
cally	4	or	5	base	pairs	in	length.	The	number	of	
alleles	at	the	forensically	employed	STR	loci	
	typically	ranges	from	5	to	20.	

Amplified	STR	alleles	are	manufactured	to	be	
somewhat	larger,	up	to	500	bases	in	length.	
Because	of	this,	the	starting	(or	template)	DNA	
must	be	of	sufficient	quality	and	quantity	to	
achieve	full	typing	of	all	the	STR	loci.	When	DNA	
of	this	quality	and	quantity	is	available,	STRs	can	
be	typed	—	including	with	the	use	of	commercial	
kits	that	are	available	to	assist	in	typing	the	mul-
tiple	loci	(multiplexing)	—	with	a	high	degree	of	
specificity	and	sensitivity	in	a	relatively	short	time	
period.

Electrophoresis,	a	process	that	separates	charged	
molecules	in	an	electric	field,	is	a	cornerstone	in	
forensic	DNA	typing.	For	the	standard	forensic	
loci,	the	size	of	the	PCR	product	for	an	individual	
is	determined	by	comparison	with	a	commercially	
available	alleleic	ladder.	To	resolve	STR	loci,	most	
laboratories	employ	capillary	electrophoresis,	and	
the	instrumentation	associated	with	this	analysis	
enables	automation	that	allows	a	higher	through-
put	analysis.	

AlternativeTestingMethods
In	some	mass	fatality	incidents,	samples	may	
be	so	compromised	that	alternate	DNA	analysis	
techniques	will	be	needed	to	achieve	complete	
identification.	The	best	technologies	will,	of	
course,	depend	on	the	state	of	the	art,	including	
the	ability	to	demonstrate	the	reliability	of	new	
technologies	on	compromised	samples.	Molecu-
lar	biology	is	a	dynamic	field,	and	new	analytical	
tools	are	always	being	developed.	

In	the	WTC	response,	the	Office	of	the	Chief	
Medical	Examiner	of	New	York	relied	on	the	rec-
ommendations	of	the	Kinship	and	Data	Analysis	
Panel	(KADAP)	to	help	explore	new	methods	to	
further	the	identification	of	compromised	sam-
ples.	For	example,	the	panel	looked	at	whether	
there	would	be	sufficient	extracted	material	to	
support	all	attempted	technologies	and	satisfy	
quality	control	inquiries	that	might	arise.	The	
KADAP	also	considered	how	to	handle	statistical	
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issues	using	the	additional	technologies,	including	
linkage	and	haplotype/genotype	comparisons.	

MakingtheIdentification
In	the	WTC	identification	effort,	when	the	DNA	
profile	from	a	victim	matched	a	reference	sam-
ple	or	was	included	within	a	reference	family	
pedigree,	statistical	significance	was	placed	on	
the	likelihood	of	such	an	occurrence.	A	certain	
	threshold	was	required	for	assigning	identity.	
(See appendix	A.)		

Generally,	such	a	quantitative	assessment	is	
based	on	the	frequency	of	occurrence	of	alleles	
from	major	population	groups,	such	as	African-
Americans,	Asians,	Caucasians,	and	Hispanics.	
Once	the	individual	frequencies	of	each	inde-
pendent	genetic	marker	are	determined,	the	
	frequen	cies	are	multiplied	using	the	product	rule	
to	estimate	the	rarity	of	each	of	those	character-
istics	occurring	as	a	single	profile.	It	is	the	com-
bination	of	the	genetic	markers	that	enables	the	
identification.	

When	personal	items	are	the	reference	samples,	
a	direct	comparison	of	the	profiles	is	performed,	
and	a	random	match	probability	is	calculated	for	
those	samples	that	are	considered	a	potential	
source.	For	family	reconstructions,	DNA	profiles	
from	relatives	are	compared	with	the	sample	
	profile	(e.g.,	a	mother	and	a	father	of	a	missing	
child).	A	likelihood	ratio	is	generated	to	evaluate	
whether	sufficient	evidence	exists	to	support	a	
biological	relationship.	

A	large	number	of	genetic	markers	are	available	
for	identity	testing	of	human	remains,	and,	by	
	typing	a	sufficient	number	of	these	loci,	identi-
fications	equivalent	to	uniqueness	can	be	made	
readily	for	some,	but	not	all,	samples.	Limitations	
include:	

n	 Sample	degradation	or	a	sample	that	is	too	
small	to	analyze,	allowing	only	a	partial	DNA	
profile.	This	reduces	the	power	to	unequivo-
cally	identify	the	source	of	the	sample.

n	 The	existence	of	reference	samples	is	criti-
cal	to	making	an	identification.	Even	if	a	mass	
disaster	sample	yields	a	complete	DNA	profile,	
an	identification	may	not	be	possible	if	there	
are	insufficient	reference	samples.	For	exam-
ple,		
it	may	be	relatively	easy	to	identify	a	miss-
ing	child	when	his	or	her	biological	parents	
and	two	siblings	are	typed.	However,	if	the	
only		relative	available	for	comparison	is	a	half-	
sibling,	the	genetic	information	will	be	far	more	
limited	and	an	identification	may	not	be	pos-
sible.	Therefore,	every	effort	should	be	made		
to	obtain	samples	from	as	many	close	family	
members	as	possible.	Personal	effects	enable	
direct	comparisons	of	profiles,	but	at	times	the	
alleged	source	of	a	personal	effect	is	question-
able.	Obviously,	the	more	that	is	known	about	
a	personal	item,	the	greater	the	confidence	in	
using	it	as	a	reference	sample.

n	 Because	of	the	violent	nature	of	many	mass	
disasters,	remains	can	be	commingled.	In	
such	cases,	a	mixture	of	DNA	profiles	may	be	
observed.	The	best	practice	is	to	avoid	inter-
preting	such	profiles;	it	is	better	to	perform	a	
reextraction	from	the	sample,	if	possible.





DNA
IN IT IAT IVE

241

A P P E N D I X  I 
AdditionalReferencesonStatisticalIssuesinDNAIdentification

The	following	additional	references	discuss	statis-
tical	issues	that	arise	when	making	an	identifica-
tion	through	DNA	analysis.

Ballantyne,	J.	“Mass	Disaster	Genetics.”		
Nature Genetics	15(4)	(1997):	329–331.

Bieber,	F.R.	“Reckoning	with	the	Dead.” Harvard 
Medical Alumni Bulletin	76(2)	(2002):	34–37.

Bieber,	F.R.	“Science	and	Technology	of	Forensic	
DNA	Profiling.”	Lazar,	D.	(ed.),	DNA and	the Crim-
inal Justice System.	Cambridge,	MA:	MIT	Press,	
2004:	23–62.

Biesecker,	L.G.,	Bailey-Wilson,	J.E.,	Ballantyne,	
J.,	Baum,	H.,	Bieber,	F.R.,	Brenner,	C.,	Budowle,	
B.,	Butler,	J.M.,	Carmody,	G.,	Conneally,	P.M.,	
Duceman,	B.,	Eisenberg,	A.,	Forman,	L.,	Kidd,	
K.K.,	Leclair,	B.,	Niezgoda,	S.,	Parsons,	T.J.,	
Pugh,	E.,	Shaler,	R.,	Sherry,	S.T.,	Sozer,	A.,	and	
Walsh,	A.	“DNA	Identifications	After	the	9/11	
World	Trade	Center	Attack.”	Science	310	(2005):	
1122–1123.

Bing,	D.H.	and	Bieber,	F.R.	“Collecting	and	
Handling	Samples	for	Parentage	and	Forensics	
DNA-Based	Genetic	Testing.”	Current Protocols	
in Human Genetics.	New	York:	John	Wiley,	1997:		
14.2.1–14.2.6.

Bing,	D.H.,	Bieber,	F.R.,	Holland,	M.M.,	and	
Huffine,	E.F.	“Isolation	of	DNA	from	Forensic	
	Evidence.”	Current Protocols in Human  Genetics.	
New	York:	John	Wiley,	2000:	14.3.1–14.3.19	
	(Supplement	26).

Bogenhagen,	D.	and	Clayton,	D.A.	“The	Number	
of	Mitochondrial	Deoxyribonucleic	Acid	Genomes	
in	Mouse	L	and	Human	HeLa	Cells.”	Journal of 
Biological Chemistry	249	(1974):	7791–7795.

Brenner,	C.H.	“Symbolic	Kinship	Program.”		
Genetics	145(2)	(1997):	535–542.	

Brenner,	C.H.	and,	Weir,	B.S.	“Issues	and	Strate-
gies	in	the	Identification	of	World	Trade	Center	
Victims.”	Theoretical Population Biology	63	
(2003):	173–178.

Brinkmann,	B.,	Klintschar,	M.,		Neuhuber,	F.,	
Huhne,	J.,	and	Rolf,	B.	“Mutation	Rate	in	Human	
Microsatellites:	Influence	of	the	Structure	and	
Length	of	the	Tandem	Repeat.”	American Journal 
of Human Genetics	62	(1998):	1408–1415.

Budimlija,	Z.M.,	Prinz,	M.K.,	Zelson-Mundorff,	
A.,	Wiersema,	J.,	Bartelink,	E.,	MacKinnon,	G.,	
	Nazzaruolo,	B.L.,	Estacio,	S.M.,	Hennessey,	M.J.,	
and	Shaler,	R.C.	“World	Trade	Center	Human	
Identification	Project:		Experiences	with	Individual	
Body	Identification	Cases.”	Croatian Medical 
Journal	44(3)	(2003):	259–63.

Budowle,	B.	“SNP	Typing	Strategies.”	Forensic 
Science International	146	Suppl.	(2004):	S139–
142.

Budowle,	B.,	Adamowicz,	M.,	Aranda,	X.G.,	
Barna,	C.,	Chakraborty,	R.,	Cheswick,	D.,	Dafoe,	
B.,	Eisenberg,	A.,	Frappier,	R.,	Gross,	A.M.,	Ladd,	
C.,	Lee,	H.S.,	Milne,	S.C.,	Meyers,	C.,	Prinz,	M.,	
	Richard,	M.L.,	Saldanha,	G.,	Tierney,	A.A.,	Vicu-
lis,	L.,	and	Krenke,	B.E.	“Twelve	Short	Tandem	
Repeat	Loci	Y	Chromosome	Haplotypes:		Genetic	
Analysis	on	Populations	Residing	in	North	Ameri-
ca.”	Forensic Science International	150(1)	(2005):	
1–15.

Budowle,	B.,	Baechtel,	F.S.,	Comey,	C.T.,	Giusti,	
A.M.,	and	Klevan,	L.	“Simple	Protocols	for	Typing	
Forensic	Biological	Evidence:	Chemiluminescent	
Detection	for	Human	DNA	Quantitation	and	RFLP	
Analyses	and	Manual	Typing	of	PCR	Amplified	
Polymorphisms.”	Electrophoresis	16(9)	(1995):	
1559–1567.



A P P E N D I X  I

242 DNA
IN IT IAT IVE

Budowle,	B.,	Bieber,	F.R.,	and	Eisenberg,	A.J.		
“Forensic	Aspects	of	Mass	Disasters:	Strategic	
Considerations	for	DNA-Based	Human	Identi-
fication.”	Legal Medicine	(Tokyo)	7(4)	(2005):	
230–243.

Budowle,	B.,	Chakraborty,	R.,	Carmody,	G.,	and	
Monson,	K.L.	“Source	Attribution	of	a	Forensic	
DNA	Profile.”	Forensic Science Communications	
2(3)	(2000):	http://www.fbi.gov/hq/lab/fsc/	
backissu/july2000/source.htm.

Budowle,	B.,	Masibay,	A.,	Anderson,	S.J.,	Barna,	
C.,	Biega,	L.,	Brenneke,	S.,	Brown,	B.L.,	Cramer,	
J.,	DeGroot,	G.A.,	Douglas,	D.,	Duceman,	B.,	
Eastman,	A.,	Giles,	R.,	Hamill,	J.,	Haase,	D.J.,	
Janssen,	D.W.,	Kupferschmid,	T.D.,	Lawton,	T.,	
Lemire,	C.,	Llewellyn,	B.,	Moretti,	T.,	Neves,	J.,	
Palaski,	C.,	Schueler,	S.,	Sgueglia,	J.,	Sprecher,	
C.,	Tomsey,	C.,	and	 Yet,	D.	“STR	Primer	Concor-
dance	Study.”	Forensic Science International	124	
(2001):	47–54.

Budowle,	B.,	Moretti,	T.R.,	Niezgoda,	S.J.,	and	
Brown,	B.L.	“CODIS	and	PCR-Based	Short	
	Tandem	Repeat	Loci:	Law	Enforcement	Tools.”	
Second European Symposium on Human 
 Identification.	Madison,	WI:	Promega	Corpora-
tion,	1998:	73–88.

Budowle,	B.,	Planz,	J.,	Campbell,	R.,	and	Eisen-
berg,	A.	“SNPs	and	Microarray	Technology	in	
Forensic	Genetics:		Development	and	Application	
to	Mitochondrial	DNA.”	Forensic Science Review	
16	(2004):	22–36.

Budowle,	B.,	Schutzer,	S.E.,	Einseln,	A.,	Kelley,	
L.C.,	Walsh,	A.C.,	Smith,	J.A.L.,	Marrone,	B.L.,	
Robertson,	J.,	and	Campos,	J.	“Building	Micro-
bial	Forensics	as	a	Response	to	Bioterrorism.”	
	Science	301	(2003):	1852–1853.

Budowle,	B.,	Sinha,	S.K.,	Lee,	H.S.,	and	
Chakraborty,	R.	“Utilization	of	Y-Chromosome	
Short	Tandem	Report	Haplotype	in	Forensic	
	Application.”	Forensic Science Review	15(2)	
(2003):	153–162.

Budowle,	B.,	Smith,	J.,	Moretti,	T.,	and	DiZinno,	
J.	DNA Typing Protocols: Molecular Biology and 
Forensic Analysis.	Natick,	MA:	Eaton	Publish-
ing,	BioTechniques	Books,	BioForensic	Sciences	
Series,	2000.

Budowle,	B.	and	Sprecher,	C.J.	“Concordance	
Study	on	Population	Database	Samples	Using	
the	PowerPlex™	16	Kit	and	AmpFlSTR®	Profiler	
Plus™	Kit	and	AmpFlSTR®	COfiler™	Kit.”		Journal 
of Forensic Sciences,	46(3)	(2001):	637–641.

Budowle,	B.	and	SWGMGF	Members.	“Quality	
Assurance	Guidelines	for	Laboratories	Perform-
ing	Microbial	Forensic	Work.”	Forensic Science 
 Communications	5(4)	(2003):	http://www.fbi.
gov/hq/lab/fsc/backissu/oct2003/2003_10_guide01.
htm.

Budowle,	B.,	Wilson,	M.R.,	DiZinno,	J.A.,	
	Stauffer,	C.,	Fasano,	M.A.,	Holland,	M.M.,	and	
Monson,	K.L.	“Mitochondrial	DNA	Regions	HVI	
and	HVII	Population	Data.”	Forensic Science 
International	103	(1999):	23–35.

Butler,	J.M.,	Shen,	Y.,	and	McCord,	B.R.	“The	
Development	of	Reduced	Size	STR	Amplicons	as	
Tools	for	Analysis	of	Degraded	DNA.”	Journal of 
Forensic Sciences	48(5)	(2003):	1054–1064.

Campobasso,	C.P.,	Falamingo,	R.,	and	Vinci,	
F.		“Investigation	of	Italy’s	Deadliest	Building	
	Collapse:	Forensic	Aspects	of	a	Mass	Disas-
ter.”		Journal of Forensic Sciences	48(3)	(2003):	
635–639.

Clayton,	T.M.,	Whitaker,	J.P.,	Fisher,	D.L.,	Lee,	
D.A.,	Holland,	M.M.,	Weedn,	V.W.,	Maguire,	
C.N.,	DiZinno,	J.A.,	Kimpton,	C.P.,	and	Gill,	P.	
“Further	Validation	of	a	Quadruplex	STR	DNA	
Typing		System:	A	Collaborative	Effort	to	Identify	
Victims	of	a	Mass	Disaster.”	Forensic Science 
International	76(1)	(1995):	17–25.

Clayton,	T.M.,	Whitaker,	J.P.,	and	Maguire,	C.N.		
“Identification	of	Bodies	from	the	Scene	of	a	
Mass	Disaster	Using	DNA	Amplification	and	Short	
Tandem	Repeat	(STR)	Loci.”	Forensic Science 
International	76(1)	(1995):	7–15.

Collins,	P.J.,	Hennessy,	L.K.,	Leibelt,	C.S.,	Roby,	
R.K.,	Reeder,	D.J.,	and	Foxall,	P.A.	“Develop-
mental	Validation	of	a	Single-Tube	Amplification	
of	the 13	CODIS	Loci,	D2S1338,	D19S433,	and	
	Amelogenin:	The	AmpFlSTR®	Indentifiler®	PCR	
Amplification	Kit.”	Journal of Forensic Sciences	
49(6)	(2004):	1265–1277.



A D D I T I O N A L  R E F E R E N C E S

243DNA
IN IT IAT IVE

Cooper,	D.N.,	Smith,	B.A.,	Cooke,	H.J.,	Niemann,	
S.,	and	Schmidtke,	J.	“An	Estimate	of	Unique	
DNA	Sequence	Heterozygosity	in	the	Human	
Genome.”	Human Genetics	69	(1985):	201–205.

Corach,	D.,	Sala,	A.,	Penacino,	G.,	and	Sotelo,	
A.		“Mass	Disasters:	Rapid	Molecular	Screening	
of	Human	Remains	by	Means	of	Short	Tandem	
Repeats	Typing.”	Electrophoresis	16(9)	(1995):		
1617–1623.

Cotton,	E.A.,	Allsop,	R.F.,	Guest,	J.L.,	Frazier,	
R.R.,	Koumi,	P.,	Callow,	I.P.,	Seager,	A.,	and	
Sparkes,	R.L.	“Validation	of	the	AmpFlSTR	SGM	
Plus	System	for	Use	in	Forensic	Casework.”	
Forensic Science International	112(2–3)	(2000):	
151–161.

Cowell,	R.G.	and	Mostad,	P.		“A	Clustering	
	Algorithm	Using	DNA	Marker	Information	for		
	Sub-Pedigree	Reconstruction.”	Journal of Foren-
sic Sciences	48(6)	(2003):	1239–1248.

Daoudi,	Y.,	Morgan,	M.,	Diefenbach,	C.,	Ryan,	J.,	
Johnson,	T.,	Conklin,	G.,	Duncan,	K.,	Smigielski,	
K.,	Huffine,	E.,	Rankin,	D.,	Mann,	R.,	Holland,	T.,	
McElfresh,	K.,	Canik,	J.,	Armbrustmacher,	V.,	and	
Holland,	M.	“Identification	of	the	Vietnam	Tomb	
of	the	Unknown	Soldier:	The	Many	Roles	of	Mito-
chondrial	DNA.”	Presented	at	the	Ninth	Inter-
national	Symposium	on	Human	Identification,	
Madison,	WI:	Promega	Corporation,	1998:	http://
www.promega.com/geneticidproc/ussymp9proc/
abstracts/ab72.pdf.

DNA	Advisory	Board.	“Statistical	and	Popula-
tion	Genetics	Issues	Affecting	the	Evalua-
tion	of	the	Frequency	of	Occurrence	of	DNA	
Profiles		Calculated	from	Pertinent	Population	
Database(s).”	Forensic Science Communications	
2(3)	(2000):	http://www.fbi.gov/hq/lab/fsc/back-
issu/july2000/	
dnastat.htm.

Egeland,	T.,	Mostad,	P.F.,	and	Olaisen,	B.		
“A Computerized	Method	for	Calculating	the	
	Probability	of	Pedigrees	from	Genetic	Data.”	
 Science & Justice	37(4)	(1997):	269–274.

Egeland,	T.,	Mostad,	P.F.,	Mevag,	B.,	and	
	Stenersen,	M.	“Beyond	Traditional	Paternity	and	
Identification	Cases:	Selecting	the	Most	Probable	
Pedigree.”	Forensic Science International	110(1)	
(2000):	47–59.

Evett,	I.W.	and	Weir,	B.S.	Interpreting DNA 
 Evidence.	Sunderland,	MA:	Sinauer	Associates,	
Inc.,	1998.

Gabriel,	M.N.,	Calloway,	C.D.,	Reynolds,	R.L.,	and	
Primorac,	D.	“Identification	of	Human	Remains	
by	Immobilized	Sequence-Specific	Oligonucle-
otide	Probe	Analysis	of	mtDNA	Hypervariable	
Regions	I	and	II.”	Croatian Medical Journal	44(3)	
(2003):	293–298.

Gill,	P.,	Ivanov,	P.L.,	Kimpton,	C.,	Piercy,	R.,	
	Benson,	N.,	Tully,	G.,	Evett,	I.,	Hagelberg,	E.,	
and	Sullivan,	K.	“Identification	of	the	Remains	of	
the	Romanov	Family	by	DNA	Analysis.”	Nature 
Genetics	6	(1994):	130–135.

Giusti,	A.M.	and	Budowle,	B.	“Chemilumines-
cence-Based	Detection	System	for	Human	DNA	
Quantitation	and	Restriction	Fragment	Length	
Polymorphism	(RFLP)	Analysis.”	Applied and 
	Theoretical Electrophoresis	5	(1995):	89–98.

Hall,	T.A.,	Budowle,	B.,	Jiang,	Y.,	Blyn,	L.,	Eshoo,	
M.,	Sannes-Lowery,	K.A.,	Sampath,	R.,	Drader,	
J.J.,	Hannis,	J.C.,	Harrell,	P.,	Samant,	V.,	White,	
N.,	Ecker,	D.J.,	and	Hofstadler,	S.A.	“Base	Com-
position	Analysis	of	Human	Mitochondrial	DNA	
Using	Electrospray	Ionization	Mass	Spectrometry:		
A	Novel	Tool	for	the	Identification	and	Differentia-
tion	of	Humans.”	Analytical Biochemistry	344	(1)	
(2005):	53–69.

Hellmann,	A.,	Rohleder,	U.,	Schmitter,	H.,	and	
	Wittig,	M.	“STR	Typing	of	Human	Telogen	
Hairs—A	New	Approach.”	International Journal of 
Legal Medicine	114	(2001):	269–273.

Hochmeister,	M.N.,	Budowle,	B.,	Jung,	J.,	Borer,	
U.V.,	Comey,	C.T.,	and	Dirnhofer,	R.	“PCR-Based	
Typing	of	DNA	Extracted	from	Cigarette	Butts.”		
International Journal of Legal Medicine	104(4)	
(1991):	229–233.

Holland,	M.M.,	Cave,	C.A.,	Holland,	C.A.,	and	
Bille,	T.W.	“Development	of	a	Quality,	High	
Throughput	DNA	Analysis	Procedure	for	Skel-
etal	Samples	to	Assist	with	the	Identification	of	
	Victims	from	the	World	Trade	Center	Attacks.”	
Croatian Medical Journal	44(3)	(2003):	264–272.



A P P E N D I X  I

244 DNA
IN IT IAT IVE

Holland,	M.M.,	Fisher,	D.L.,	Mitchell,	L.G.,	
Rodriquez,	W.C.,	Canik,	J.J.,	Merril,	C.R.,	and	
Weedn,	V.W.	“Mitochondrial	DNA	Sequence	
Analysis	of	Human	Skeletal	Remains:		Identifica-
tion	of	Remains	from	the	Vietnam	War.”	Journal 
of Forensic Sciences	38(3)	(1993):	542–553.

Huffine,	E.,	Crews,	J.,	Kennedy,	B.,	Bomberger,	
K.,	and	Zinbo,	A.	“Mass	Identification	of	Per-
sons	Missing	from	the	Break-Up	of	the	Former	
Yugoslavia:	Structure,	Function,	and	Role	of	the	
International	Commission	on	Missing	Persons.”		
Croatian Medical Journal	42(3)	(2001):	271–275.	

Kahana,	T.,	Freund,	M.,	and	Hiss,	J.	“Suicidal	
	Terrorist	Bombings	in	Israel—Identification	of	
Human	Remains.”	Journal of Forensic Sciences	
42(2)	(1997):	260–264.

Kayser,	M.,	Roewer,	L.,	Hedman,	M.,	Henke,	L.,	
Henke,	J.,	Brauer,	S.,	Krüger,	C.,	Krawczak,	M.,	
Nagy,	M.,	Dobosz,	T.,	Szibor,	R.,	de	Knijff,	P.,	
Stoneking,	M.,	and	Sajantila,	A.	“Characteristics	
and	Frequency	of	Germline	Mutations	at	Micro-
satellite	Loci	from	the	Human	Y	Chromosome,	
as	Revealed	by	Direct	Observation	in	Father/Son	
Pairs.”	American Journal of Human Genetics	
66(5)	(2000):	1580–1588.

Kayser,	M.	and	Sajantila,	A.	“Mutations	at	Y–
STR	Loci:	Implications	for	Paternity	Testing	and	
Forensic	Analysis.”	Forensic Science International	
118(2–3)	(2001):	116–121.

Krenke,	B.E.,	Tereba,	A.,	Anderson,	S.J.,	Buel,	
E.,	Culhane,	S.,	Finis,	C.J.,	Tomsey,	C.S.,	Zach-
etti,	J.M.,	Masibay,	A.,	Rabbach,	D.R.,	Amiott,	
E.A.,	and	Sprecher,	C.J.	“Validation	of	a	16-Locus	
	Fluorescent	Multiplex	System.”	Journal of 
 Forensic Sciences	47(4)	(2002):	773–785.

Kruglyak,	L.	and	Nickerson,	D.A.	“Variation	is	
the	Spice	of	Life.”	Nature Genetics	27(3)	(2001):	
234–236.

Ladd	,C.,	Lee,	H.,	Yang,	N.	and	Bieber,	F.R.	
“Interpretation	of	Complex	Forensic	DNA	Mix-
tures.”	Croatian Medical Journal	42(3)	(2001):	
244–246.	

Leclair,	B.,	Fregeau,	C.J.,	Bowen,	K.L.,	and	
	Fourney,	R.M.	“Enhanced	Kinship	Analysis	and	
STR-Based	DNA	Typing	for	Human	Identification	
in	Mass	Fatality	Incidents:	The	Swissair	Flight	
111	Disaster.”	Journal of Forensic Sciences	49(5)	
(2004):	939–953.

Leclair,	B.,	Shaler,	R.,	Carmody,	G.R.,	Eliason,	
K.,	Hendrickson,	B.C.,	Judkins,	T.,	Norton,	M.J.,	
Sears,	C.,	and	Scholl,	T.	“Bioinformatics	and	
Human	Identification	in	Mass	Fatality	Incidents:		
The	World	Trade	Center	Disaster.”	Submitted	to	
Journal of Forensic Sciences,	2006.

Leibelt,	C.,	Budowle,	B.,	Collins,	P.,	Daoudi,	Y.	
Moretti,	T.,	Nunn,	G.,	Reeder,	D.,	and	Roby,	R.	
“Identification	of	a	D8S1179	Primer	Binding	Site	
Mutation	and	the	Validation	of	a	Primer	Designed	
to	Recover	Null	Alleles.”		Forensic Science Inter-
national	133(3)	(2003):	220–227.

Li,	C.C.	and	Sacks,	L.	“The	Derivation	of	Joint		
Distribution	and	Correlation	Between	Relatives	by	
the	Use	of	Stochastic	Matrices.”	Biometrics	10(3)	
(1954):	347–360.	

Lorente,	J.A.,	Entrala,	C.,	Alvarez,	J.C.,	Lorente,	
M.,	Carrasco,	F.,	Arce,	B.,	Heinrich,	B.,	Budowle,	
B.,	and	Villanueva,	E.	“Social	Benefits	of	Non-
criminal	Genetic	Databases:	Missing	Persons	
and	Human	Remains	Identification.”	International 
Journal of Legal Medicine	116(3)	(2002):	187–190.

Ludes,	B.,	Tracqui,	A.,	Pfitzinger,	H.,	Kintz,	P.,	
Levy,	F.,	Disteldorf,	M.,	Hutt,	J.M.,	Kaess,	B.,	
Haag,	R.,	Memheld,	B.,	et	al.	“Medico-Legal	
Investigations	of	the	Airbus	A230	Crash	Upon	
Mount	Ste-Odile,	France.”	Journal of Forensic 
Sciences	39(5)	(1994):	1147–1152.

Lutz,	S.,	Weisser,	H.J.,	Heizmann,	J.,	and	Pollak,	
S.	“mtDNA	as	a	Tool	for	Identification	of	Human	
Remains.”	International Journal of Legal Medi-
cine	109(4)	(1996):	205–209.

Mandrekar,	P.V.,	Krenke,	B.E.,	and	Tereba,	A.		
“DNA	IQ™:	The	Intelligent	Way	to	Purify	DNA.”		
Profiles in DNA	4(3)	(2001):	16.



A D D I T I O N A L  R E F E R E N C E S

245DNA
IN IT IAT IVE

Mandrekar,	P.V.,	Flanagan,	L.,	and	Tereba,	A.	
“Forensic	Extraction	and	Isolation	of	DNA	from	
Hair,	Tissue	and	Bone.”	Profiles in DNA	5(2)	
(2002):	11–13.	

Meyer,	H.J.	“The	Kaprun	Cable	Car	Fire	Disas-
ter—	Aspects	of	Forensic	Organisation	Follow-
ing	a	Mass	Fatality	with	155	Victims.”	Forensic 
 Science International	138(1–3)	(2003):	1–7.

National	Commission	on	the	Future	of	DNA	
	Evidence.	The Future of Forensic DNA Testing: 
 Predictions of the Research and Development 
Working Group.	Washington,	DC:	U.S.	Depart-
ment	of	Justice,	Office	of	Justice	Programs,	
National	Institute	of	Justice,	2000:	http://www.
ncjrs.gov/pdffiles1/nij/183697.pdf.

National	Research	Council	Committee	on	DNA	
Forensic	Science.	The	Evaluation	of	Forensic	DNA	
Evidence.	Washington,	DC:	National	Academy	
Press,	1996.

Olaisen,	B.,	Stenersen,	M.,	and	Mevag,	B.	“Iden-
tification	by	DNA	Analysis	of	the	Victims	of	the	
August	1996	Spitsbergen	Civil	Aircraft	Disaster.”	
Nature Genetics	15(4)	(1997):	402–405.

Olson,	K.B.	“Aum	Shinrikyo:	Once	and	Future	
Threat.”	Emerging Infectious Disease	5(4)	(1999):		
513–516.

Saiki,	R.K.,	Scharf,	S.,	Faloona,	F.,	Mullis,	K.B.,	
Horn,	G.T.,	Erlich,	H.A.,	and	Arnheim,	N.	“Enzy-
matic	Amplification	of	Beta-Globin	Genomic	
Sequences	and	Restriction	Site	Analysis	for	
	Diagnosis	of	Sickle	Cell	Anemia.” Science	
230(4732)	(1985):	1350-1354.

Sajantila,	A.,	Lukka,	M.,	and	Syvanen,	A.C.		
“Experimentally	Observed	Germline	Mutations	at	
Human	Micro-	and	Minisatellite	Loci.”	European 
Journal of Human Genetics	7(2)	(1999):	263–266.	

Traver,	M.	“Numeric	Statements	of	the	Strength	
of	the	Genetic	Evidence.”	Guidance for  Standards 
for Parentage Testing Laboratories. Bethesda,	
MD:	American	Association	of	Blood	Banks,	2004.

Tsukada,	K.,	Takayanagi,	K.,	Asamura,	H.,	Ota,	
H.,	and	Fukushima,	H.	“Multiplex	Short	Tandem	
Repeat	Typing	in	Degraded	Samples	Using	Newly	
Designed	Primers	for	the	TH01,	TPOX,	CSF1PO,	
and	vWA	Loci.”	Legal Medicine	(Tokyo)	4(4)	
(2002):	239–245.

Venter,	J.C.,	Adams,	M.D.,	Myers,	E.W.,	Li,	
P.W.,	Mural,	R.J.,	Sutton,	G.G.,	Smith,	H.O.,	
Yandell,	M.,	et	al.	“The	Sequence	of	the	Human	
Genome.”	Science	291(5507)	(2001):	1304–1351.

Walsh,	S.	“Commentary	on	Kline,	M.C.,	Jen-
kins,	B.,	Rodgers,	S.	Non-amplification	of	a	vWA	
Allele.”	Journal of Forensic Sciences	43(5)	(1998):		
1103–1104.

Wang,	D.G.,	Fan,	J.B.,	Siao,	C.J.,	Berno,	A.,	
Young,	P.,	Sapolsky,	R.,	Ghandour,	G.,	Perkins,	
N.,	et	al.	“Large	Scale	Identification,	Mapping,	
and	Genotyping	of	Single-Nucleotide	Poly-
morphisms	in	the	Human	Genome.”	Science	
280(5366)	(1998):	1077–1082.

Waye,	J.S.,	Presley,	L.,	Budowle,	B.,	Shutler,	
G.G.,	and	Fourney,	R.M.	“A	Simple	Method	for	
Quantifying	Human	Genomic	DNA	in	Forensic	
Specimen	Extracts.”	BioTechniques	7(8)	(1989):	
852–855.

Weir,	B.S.	Genetic Data Analysis II.	Sunderland,	
MA:	Sinauer	Associates,	Inc.,	1996.

Wiegand,	P.	and	Kleiber,	M.	“Less	is	More—	
Length	Reduction	of	STR	Amplicons	Using	Rede-
signed	Primers.”	International Journal of Legal 
Medicine	114(4–5)	(2001):	285–287.

Wilson,	M.R.,	DiZinno,	J.A.,	Polanskey,	D.,	
Replogle,	J.,	and	Budowle,	B.	“Validation	of	
	Mitochondrial	DNA	Sequencing	for	Forensic	
	Casework	Analysis.”	International Journal of 
Legal Medicine	108(2)	(1995):	68–74.

Wilson,	M.R.,	Polanskey,	D.,	Butler,	J.,	DiZinno,	
J.A.,	Replogle,	J.,	and	Budowle,	B.	“Extraction,	
PCR	Amplification,	and	Sequencing	of	Mitochon-
drial	DNA	from	Human	Hair	Shafts.”	BioTech-
niques	18(4)	(1995):	662–669.




